The following study aims to evaluate the changes in profile of selected sugars and content of polyols in the apple tissue after osmotic dehydration. What makes this research innovative is the use, in the osmotic pre-treatment, of solutions which have hitherto not been commonly used in fruit processing by researchers worldwide. Selected substances from the polyols group (erythritol, xylitol, and maltitol) were used as osmotic agents in 30 % concentrated solutions. The ideal osmotic pressure, as well as efficiency of the process, was calculated, and these parameters were the highest in the case of erythritol. It was confirmed that type of osmotic solution and time of the process have significant influence on discussed parameters. Osmotic dehydration in polyols solutions resulted in increasing the content of these compounds during the process and minor changes in sugars profile of apple tissue. Color changes caused by pretreatment were small, but still they could be noticed by an inexperienced observer.
Introduction
Poland is one of the main major global producers of apples. The fruit is rich in nutrients, fiber, vitamins as well as it has antioxidant and antiproliferative activity [1, 2] . According to Sun et al. [3] , phenolic content in apple (272.1 ± 6.2 mg / 100 g) is higher compared to red grape (182.0 ± 2.6 mg / 100 g), strawberry (147.8 ± 1.1 mg / 100 g), lemon (66.3 ± 3.4 mg / 100 g), peach (65.3 ± 0.4 mg / 100 g), orange (56.8 ± 0.9 mg / 100 g), banana (56.1 ± 2.8 mg / 100 g), pear (53.6 ± 2.5 mg / 100 g), pineapple (40.4 ± 1.0 mg / 100 g), and grapefruit (30.7 ± 0.9 mg / 100 g). Apple also constitutes a source of sugar. According to USDA (The United States Department of Agriculture), one medium (182 g) apple contains almost 19 g of total sugars. However, the researchers Hu and Malik [4] showed that the detrimental effects of consuming high amounts of fructose had focused on soda and other packaged junk foods. Significantly lower risks of lung cancer were observed among the women who had increased consumption of apples and pears by 1 serving a day [5] .
In the production of dried apples, osmotic dehydration (OD) as pre-treatment before drying is usually used to remove some part of the water from the tissue. Sucrose was the most common substance which was used for the preparation of osmotic solutions. Due to the pandemic of obesity as well as the rapidly growing incidence of type 2 diabetes in the community, it is extremely important to find new alternative solutions. The use of polyols as the osmotic agent in OD is an alternative to replace the sucrose because of its low calories and relative sweetness of around 60-100 % compared with sucrose. They are carbohydrates imparting a sweet sensation but are neither sugars nor alcohols [6] . Sugar alcohols (the polyols or polyhydric alcohols) are low digestible carbohydrates, which are obtained by substituting an aldehyde group with a hydroxyl one. Consumption of the products containing sugar alcohols do not induce an increase in blood glucose or insulin secretion, and thus, such products are recommended for the people with diabetes [7] . Because they are only partially (if at all) digested and absorbed in the small intestine, low-digestible carbohydrates can have a laxative effect when consumed in excessive amounts [8] .
Firmness and sugar content are important quality attributes that directly influence consumers on purchasing fresh apple fruit [9] . The concentrations of individual carbohydrates (e.g. fructose, glucose, sucrose, sorbitol) show characteristic changes during fruit development after bloom [10] . In terms of sugar composition, fructose and glucose are the predominant sugars for most apple varieties [11] . The sugar content of apples differs depending on the weather conditions, cultivars, culture technology, position and exposition of the fruits in the crown [12] . During storage, the content of sucrose, fructose, and glucose decrease significantly in some varieties, while increased in others [13] . It is known that the presence of sugar in food lowers the water activity of the food. Ultrasonic pretreatment enhances the removal of soluble solids (sugars) from the fruit to the liquid medium [14] .
In previous research, many results of sugars composition in apples were reported [15] [16] [17] , but the scientists rarely mentioned how it changed after osmotic dehydration in sugar alcohol solutions. The potential for use sorbitol was confirmed by Assis et al. [18] . Moreover, Bialik et al. [19] and Cichowska et al. [20] used xylitol and maltitol as an alternative to sucrose solutions during OD. Authors also reported possibility of the use dihydroxyacetone (DHA) as osmotic agent in this process [21] .
The aim of this study was to evaluate changes in profile of selected sugars and content of polyols in the apple tissue after osmotic dehydration as well as color changes caused by pre-treatment.
Materials and methods
Fresh apples of the Paulared variety were purchased from a local shop. The fruits were stored at 4-5 °C and relative humidity of 85-90 % in a refrigerator until use. Before the experiment, the apples were washed, stoned and cut into triangular slices (with a peel), each slice was 5 mm thick.
Pre-treatment procedure
The slices (40 ± 2 g) were dehydrated by osmotic dehydration (OD) in a water bath (Water Bath Shaker Type 357 ELPAN, Poland) with continuous shaking (1 Hz amplitude). The temperature of water bath was constant. Apple samples were dipped into 30 % concentrated syrups. Osmotic solutions were prepared with selected substances from the polyol group: erythritol, xylitol, and maltitol (Brenntag, Kędzierzyn-Koźle, Poland) with distilled water. Osmotic dehydration was carried out in the range from 0.5 to 6 hours at the temperature of 40 °C (atmospheric pressure) and with 2:1 the syrup-to-fruit ratio. Afterwards, samples were removed from the osmotic solution and blotted with absorbent paper to remove osmotic liquid from their surface. Samples were weighed and dry matter, as well as water loss and solid gain, were determined (according to Cichowska et al. [20] ). Two technological repetitions were performed for each treatment.
Efficiency of OD
The efficiency of OD (Eq. (3)) was calculated as ratio water loss (WL -Eq. (1)) to solid gain (SG -Eq. (2)) during process. These parameters were calculated and discussed in previous research of Authors [20] :
Efficiency WL SG = .
(3)
Dry matter content [22]
Dry matter content was measured in two repetitions for each sample. The weighted material (~ 2 g) placed in a weighing glass was dried in a convective dryer (SUP-65 WG WAMED, Poland) at the temperature of 70 °C until the weight was constant. Then, the material was cooled and weighed on an analytical scale with the accuracy of 0.001 g.
Packaging and storage
After osmotic dehydration, the samples were packed into plastic polyethylene bags (BOPA/PE 15/40 FF) and then packs were welded using an impulse sealer (Hualian Machinery, China). The weight of the apple inside the pack of single stored package was approximately 12 g. Then they were stored in a freezer (F6181AW, GORENJE, Slovenia) at −18 °C before analyzes.
Determination of sugar profile and polyols content
The chromatographic analyses were performed using Waters (Milford, MA, USA) equipment: 2695 Separations Module and 2414 Refractive Index Detector. Glucose, fructose, sucrose, and polyols were quantified according to the modified version of EN 12630:1999 standard. During the analysis, a Sugar-Pak I, 10 μm, 6.5 mm × 300 mm column with a Sugar-Pak Guard-Pak insert, 10 μm (both Waters), were kept at a temperature of 90 °C. The samples (10 μL) were eluted isocratically, using 0.1 mM calcium disodium EDTA within 20 min at a flow rate of 0.5 mL/min. The compounds were quantified, using a refractive index detector.
Color measurement
Color analysis of the osmo-dehydrated apples surface was determined with the use of Minolta Chroma Meter CR-200 (Minolta Corp., Osaka, Japan). The measurement conditions were: D65 standard illuminate, 2° Standard Observer, measurement diameter: 30 mm. The results were presented using the directly measured parameters: L* (lightness/darkness), a* (red/green), b* (yellow/blue). The measurements were made in 5 repetitions for every sample; the mean values are reported. The total color difference (ΔE) and Chroma (C, relative saturation) were calculated according to the following formulas (Eqs. (4), (5)):
ΔL * , Δa * , Δb * -the change of L * , a * , and b * parameter between raw material and samples after pre-treatment.
Statistical analysis
The statistical software Statgraphics Plus ver. 5.1 (StatPoint) and Excel 2016 (Microsoft) were used for data analysis. The influence of pre-treatment (duration of the process, type of osmotic solution) on dependent variables: (dry matter content, the efficiency of OD as well as sugars content and color changes) was evaluated by means of a multifactorial analysis of variance (ANOVA) at a significance level α = 0.05. In the case of significant associations, post-hoc Tukey's test was performed.
Results and discussion

Dry matter content
The raw material was characterized by 12 ± 0.10 % of dry matter content ( Table 1 ). The similar result was observed by Ticha et al. [16] in Ontario cultivar, by Devic et al. [23] in Gala, Guillevic and Marie Menard cultivars. Research Campeanu et al. [9] was conducted on 10 apple cultivarsthe achieved values of dry matter content were between 11. [25] .
During osmotic dehydration of apples in polyols solutions, increase values of dry matter content were observed (Table 1 ). In this experiment, erythritol was determined as the most effective osmotic agent for reaching high dry matter values. It is worth mentioning that the highest value was observed after 180 min of the process. This suggests that it is not necessary to dehydrate the apple slices in solutions for periods longer than 3 hours. Statistical analysis also confirmed this statement -the values achieved after 3 and more hours were classified to one homogeneous group (Table 2 ).
An increase of dry matter in apple tissue was the result of penetration soluble solids from osmotic solution. Erythritol solution turned out to be the most effective -the values were higher than the ones achieved in other solutions (Table 1) .
Efficiency of OD
The Authors of this paper reported in the previous research the modeling of water loss and solid gain during osmotic dehydration, using Peleg's model [20] . Their results showed the efficiency of OD in polyols solutions (xylitol, erythritol, and maltitol) and lack of effectiveness in the case of oligofructose and inulin solutions. An initial rapid rate of mass transfer was observed for the first three hours of the process, so OD for periods longer than 3 h was not effective. The highest values of water loss (in the case of 30 % concentration) were obtained after 180 min, when erythritol was used (3.17 g/g i.d.m), while in the case of xylitol and maltitol the values were much lower (2.22 and 1.17 g/g i.d.m, respectively). The same relationship was observed in parameter of solid gain. The values obtained for the samples treated by erythritol, xylitol, and maltitol after 180 min of the process were equal to 0.86, 0.67 and 0.51 g/g i.d.m., respectively. In this experiment, the efficiency of OD was calculated as ratio water loss to solid gain during process in different osmotic agents separately. The higher the ratio of water loss/solute uptake, the greater the efficiency of the osmotic dehydration process is considered to be. The results are shown in Fig. 1 .
At the beginning of the OD process, the advantage of WL over SG for xylitol was almost four times, and in the case of maltitol -only 2.5 times. The greatest efficiency was achieved when erythritol or xylitol was used (white and light grey bars) -the values were classified into one homogenous group (Table 3) . It was due to the difference in osmotic pressure between the osmotic solution and the food. This was caused by the molecular weight of the solutes used. Higher osmotic pressure had erythritol (122.12 g/mol) and xylitol (152.15 g/mol) because of lower molecular weight compared to maltitol (344.31 g/mol). During osmotic dehydration, the phenomenon of water loss mainly occurred. This fact was confirmed also by Bialik et al. [19] , who dehydrated kiwiberry. Process time had a significant influence on this parameter. The highest values of efficiency were noticed after 2 hours of the process (Fig. 1 ). With extending of OD duration, the decrease of values was observed. It was caused by following decrease in water loss together with solid gain. The lower the water content of the sample, the more difficult it is for sugar to diffuse into the fruit tissues [26] .
Sugar profiles
The interpretation of the sugar profile was interfered with changes in water and solid content during osmotic dehydration. It was related to water loss and simultaneously loss soluble compounds from apple extract (include sugars) and, on the other hand, penetration of the solution components into the fruit tissue. Changes in profile of selected sugars and content of polyols in the apple tissue during process are shown in Fig. 2 .
In apples raw tissue, the amount of fructose was the most abundant among sugars, followed by sucrose, glucose and trace amounts of sorbitol. The results were similar to the ones achieved by Chareoansiri and Kongkachuichai [25] and Begić-Akagić et al. [15] . The second group of scientists also reported that cultivar had a significant influence on individual sugars and organic acid in the fruit. Amount of fructose in raw apple material Paulared variety was approx. 70 g/kg fresh weight (Fig. 2) . The value was higher compared to selected 12 cultivars in the research by Begić-Akagić et al. [15] . However, in the case of glucose, the situation was opposite, with achieved values not exceeding 20 g/kg fresh weight. Three cultivars: Prijedorska zelenika, Paradija, Funtaca showed similar level of sucrose in the apple tissue [15] . Nevertheless, the content of sorbitol was far smaller in comparison to values obtained in this research (Fig. 2) . Comparable results of marked sugars have been reported by Zupan et al. [17] in the case of Delicious cultivar without watercore. According to them, watercore has an influence on apple fruit sugar and phenol content, even before any visual signs of internal breakdown and browning. The same composition of sugars in the apple tissue as Paulared variety was also observed by Devic et al. [23] in Gala cultivar, by Ticha et al. [16] in Melrose cultivar and by Li et al. [27] in Red delicious, in contrast to research carried out by Füzfai et al. [28] . Four selected varieties of apples (Idared, Liberty, Pilot, Pinova) showed different sugar profile. The values of major sugar -fructose did not exceed 55 %, level of glucose was lower, but in the case of sorbitol -higher. Also, Wang et al. [29] have reported different results of sugar profiles in 62 heritage apple cultivars -marked values of glucose were higher, but fructose content was in large part lower. A similar sugar profile was observed only in one industry cultivar Hibernal.
Sorbitol, the major sugar alcohol in apples, was present in concentrations approx. 2.3 g/kg fresh weight (Fig. 2) . The chromatographic analyses allowed to mark sorbitol content together with xylitol content. Because of this fact and due to low content, this kind of sugar was omitted in the statistical analysis. The values of sorbitol content observed by researchers, related to a cultivar of fruit. Aprea et al. [30] noted values between 1.3 and 12.9 g/kg (average 5.5 g/kg) in 17 different cultivar/accessions. Wider range of the level of sorbitol has been reported by Wang et al. [29] -between 0.0 and 15.3 g/L (average 4.3 g/L) -the values marked in 62 apple cultivars. Sorbitol is preferentially converted into fructose while glucose is preferentially incorporated into starch [31] . In apples, only a small fraction of fructose is incorporated into starch; fructose, instead of that, accumulates in the vacuoles of apple cells. As a result, the level of fructose is always higher than the one of glucose in fruit tissue [30] .
Osmotic dehydration in polyols solutions resulted in increasing the content of these compounds during process (Fig. 2) . At the end of OD, the content of erythritol, xylitol, and maltitol in apple tissue was approximately two times higher compared to the values achieved after 30 minutes. The most values were obtained in the case of use erythritol as osmotic agent until 2 hours, whereas in the range of 3 to 6 hours in the case of xylitol (Fig. 2 (a), (b) ). Significantly lower content of polyols was marked in apple tissue, which was dehydrated in maltitol solution (Fig. 2 (c) ). This phenomenon can be explained by differences in osmotic pressure between solution and fruit, which is the driving force of the process. The ideal osmotic pressure was calculated according to Held et al. [32] for each solution separately. The highest ideal osmotic pressure was observed in the case of erythritol (6396.87 kPa), a bit lower in the case of xylitol (5134.16 kPa) and small in the case of maltitol solution (2270.28 kPa). The first two solutions were characterized by osmotic pressure higher than 60 % concentrated solutions of sucrose and maltitol obtained by Bialik et al. [19] . The value of this parameter in the case of use 60 % concentrated solution of xylitol was approximately two times higher. After osmotic dehydration in xylitol and maltitol solutions the sucrose content was approximately two times lower and glucose content was slightly higher (Fig. 2 (b), (c) ), but the influence of time was insignificant (Tables 4, 5 ).
Statistical analysis showed significant influence of OD time (p-Value: 0.002, α = 0.05) and type of osmotic agent (p-Value: 0.000, α = 0.05) on achieved values of fructose content ( Table 6 ). Values achieved when erythritol and xylitol were used, were classified into one homogenous group.
After osmotic dehydration in sucrose solution, Devic et al. [23] observed sucrose gain as well as fructose loss.
During the same process in the polyols solutions, fructose loss was noticed in the case of erythritol and maltitol ( Fig. 2 (a), (c) ). Using xylitol, the level of fructose was almost the same as from the beginning (Fig. 2 (b) ).
Aprea et al. [30] quantified the major sugars (sucrose, glucose, fructose, xylose) and sorbitol and explored their influence on perceived sweetness in an apple. According to them, there is no direct interaction between the ratios of different sugars and sweetness.
Color changes
Color is an important quality in dried foods. According to Mothibe et al. [14] , this is the first parameter which customers use in order to judge the quality of dried products. If the color of dried fruits is dark, then its quality is poor. Pretreatment before drying can also have an influence on color changes. Therefore, it is important to observe these changes during osmotic dehydration. During this process, the loss of color is one of the most significant changes [33] . Under the influence of the technological processes application, appearance changes in samples occurred (Table 7) .
During osmotic dehydration of apples in erythritol solution, an increase of brightness and parameter a* were observed. The brightness could be higher due to sugar coating, which appeared as a result after a process of OD. This substance has a high crystallization capacity [34] . The opposite situation in the case of brightness was noticed when other polyols as osmotic agents had been used. The achieved values were classified into one homogenous group. According to Ciurzyńska et al. [35] , an osmotic solution type and temperature have significant effect on the color of apple tissue. An increase values of a* parameter was also observed in the case of maltitol. Only when xylitol was used as osmotic agent -decrease of values was observed. Time did not have an influence on L* and a* parameters (p-Value: 0.088 and 0.252, respectively). An increase of parameter b* (yellowness) during OD was insignificant and ambiguous -statistical analysis did not show any serious influence of time or type of osmotic agent on this parameter (p-Value: 0.235 and 0.462, respectively). Chroma parameters C, denoting color intensification, for apple samples increased when they had been treated in all solutions. However, significant changes were observed in the case of maltitol. The highest value was noted after 180 min of OD. The changes indicated lightening in color, and concentration of red pigment due to the removal of water from apple samples, mostly in the case of erythritol (because of the highest efficiency). The chroma parameter was correlated with absolute color difference ΔE, which was maximum in the case of xylitol. The lowest absolute differences were noted after osmotic dehydration in erythritol solution. According to Mokrzycki and Tatol [36] , an inexperienced observer notices the difference between samples when 2 < ΔE < 3.5. Statistical analysis did not show any significant influence of time (p-Value: 0.146), but showed significant impact of osmotic agent (p-Value: 0.010) on ΔE. The opposite situation has been reported by Kowalski and Mierzwa [37] , when values were significantly higher during extending of time, but pretreatment in glucose, fructose and sucrose was insignificant and resulted in smaller values of ΔE, compared to this research. Djendoubi Mrad et al. [33] reported an increase in the a* (redness), and b* (yellowness) values and invariance L* parameter when pieces of pears had been treated in sucrose solution. Also, chroma values increased during the osmotic dehydration. Naknean et al. [38] in their research osmo-dehydrated cantaloupe in 50 % concentrated solutions (sucrose, maltitol, sorbitol, and invert sugar). The sorbitol-and maltitol-treated samples had higher L* value and lower parameter a* and browning intensity than inverted sugar and sucrose treated samples. The highest brown color was found in inverted sugar-treated sample.
Conclusions
During the process of OD occurred, the phenomenon of water loss and changes in sugars profile of the apple tissue were mainly observed. In raw apple, the amount of fructose was the most abundant among sugars, followed by sucrose, glucose and trace amounts of sorbitol. As a result of the use of polyols as an osmotic agent in pretreatment, an increase in dry matter content, as well as polyols content in the samples, were noticed. The highest efficiency of the process was observed when erythritol as an osmotic agent had been used, which resulted from the highest osmotic pressure. The absolute color differences ΔE after process were quite small, chroma values increased during osmotic dehydration. Moreover, the use of erythritol in OD of fruit allowed increase of brightness surface tissue. 
